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(54) REFLECTIVE/REFRACTIVE OPTICAL SYSTEM 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a reflective/refractive 
optical system having a large numerical aperture in the ultraviolet 
wavelength region, a practical size as a whole, and a resolving 
power of quarter micron unit, and miniaturizing the respective 
component members of the optical system. 
SOLUTION: This optical system includes a first image forming 
optical system S1 composed of a refractive member, a concave 
mirror M1 and a second image forming optical system S2 composed 
of a refractive member and the pattern of a semiconductor element 
is projected on a substrate. In this case, between the refractive 
member composing the first image forming optical system SI and 
the refractive member composing the first image forming optical 
system S2, at least one refractive member is made to have an 
aspherical surface. 
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* NOTICES * 

JPO and NCXPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] It is the cata-dioptric system characterized by for at least one refraction member to have the aspheric 
surface among the refraction members which constitute the refraction member which constitutes said 1 st imagt 
formation optical system, and said 2nd image- form at ion optical system in the cata-dioptric system which 
projects the pattern of a semiconductor device on the order in which a beam of light advances to up to a 
substrate including the 1st image-formation optical system constituted by the refraction member, a concave 
mirror, and the 2nd image-formation optical system constituted by the refraction member. 
[Claim 2] The beam of light which said 1st image formation optical system consists of the 1st lens group whicl 
a beam of light passes only at once, and the 2nd lens group to which a beam of light goes and comes back, and 
the lens nearest to a concave mirror of this 2nd lens group is a negative lens, and injected said 2nd lens group i: 
cata-dioptric system according to claim 1 characterized by carrying out image formation of the pattern of said 
semiconductor device once before carrying out incidence to said 2nd image formation optical system. 
[Claim 3] Cata-dioptric system according to claim 1 or 2 characterized by having arranged the optical-path 
deviation member between said 1st image formation optical system and said 2nd image formation optical 
system. 

[Claim 4] The refraction member which constitutes the refraction member which constitutes said 1 st image 
formation optical system, and said 2nd image formation optical system is cata-dioptric system according to 
claim 1 to 3 characterized by being constituted by a quartz and fluorite, or any its one ** material. 
[Claim 5] Said concave mirror is cata-dioptric system according to claim 1 to 4 characterized by being an 
aspheric surface configuration. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical system used with the projection aligner used in case 
a semiconductor device or a liquid crystal display component is manufactured at a photolithography process. It 
is related with the cata-dioptric system which has the resolution of a quarter micron unit in an ultraviolet-rays 
wavelength region by using a reflecting mirror as an element of optical system especially. 
[0002] 

[Description of the Prior Art] In the photography process for manufacturing a semiconductor device etc., the 
projection aligner exposed on substrates (a wafer is called collectively hereafter), such as a wafer with which 
the photo mask or reticle (a reticle is called collectively hereafter) on which the pattern of a semiconductor 
device was drawn was applied to the photoresist etc. through projection optics, or a glass plate, is used. The 
resolution required of the projection optics currently used for the projection aligner is increasing increasingly a* 
degrees of integration, such as a semiconductor device, improve. In order to satisfy this demand, numerical 
aperture (NA) of projection optics needed to be enlarged short [ wavelength / of the illumination light ]. In orde 
to fill these demands, the various techniques which constitute projection optics from so-called cata-dioptric 
system which combined a reflective system and refractive media are proposed. 

[0003] For example, the cata-dioptric system using the exposure field containing the beam of light on an optica 
axis is indicated by JP,63-163319,A and JP,5-25170,B. Moreover, not using an optical-axis top, there is optical 
system indicated by JP,7-1 1 1512,B and USP-4,779,966 No. as optical system using a zona-orbicularis-like 
exposure field. 
[0004] 

[Problem(s) to be Solved by the Invention] It is necessary to use the beam splitter which had a transparency 
reflector for optical-path division in the cata-dioptric system using the exposure field containing the beam of 
light on the above-mentioned optical axis. In such optical system, it is easy to generate the stray light leading to 
a flare or lighting nonuniformity in the internal reflection by the reflected light from a wafer side, the interna] 
reflection in the refracting interface of the optical system after a beam splitter, the transparency reflector of a 
beam splitter, etc. Moreover, when a numerical aperture is enlarged, a large-sized beam splitter is needed, and 
huge-ization of the exposure time by the quantity of light loss causes the fall of the throughput in a semi- 
conductor production process. Manufacturing a large-sized polarization beam splitter's having un-arranged 
[ that it is very difficult and the heterogeneity of the transparency reflective film, an include-angle property, 
absorption, a phase change, etc. degrade an image formation property ], although adoption of a polarization 
beam splitter was needed in order to prevent a quantity of light loss as furthermore indicated by JP ,6-300973 A 
etc. 

[0005] On the other hand, in the cata-dioptric system indicated by the USP-4,779,966 No. using a zona- 
orbicularis-like exposure field, catoptric system is adopted as a contraction [ side / wafer ] side rather than the 
middle image. However, since NA is large compared with a reticle side side, optical-path division can be 
difficult, and cannot enlarge NA of optical system, and a contraction side cannot have sufficient resolution. 
Moreover, enlargement of a concave mirror is not avoided, either. 

[0006] In the cata-dioptric system similarly indicated by JP,7-1 1 1512,B using a zona-orbicularis-like exposure 
field, the ] st image formation optical system containing the concave mirror for forming a middle image consist 
of optical system of a perfect symmetry mold, and the middle image is the actual size image of a reticle side. 
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Although aberration generating of the 1st image formation optical system is made to mitigate by this, the 2nd 
image formation optical system will take charge of the scale factor of the whole system alone, and the burden 
concerning the 2nd image formation optical system becomes heavy. If big NA is required especially of optical 
system, enlargement of the 2nd image formation optical system and complication will not be avoided. 
[0007] In view of this point, this invention attains big numerical aperture in an ultraviolet-rays wavelength 
region, the whole optical system is practical magnitude, and it has the resolution of a quarter micron unit, and 
aims at offering the cata-dioptric system which miniaturized each configuration member of optical system. 
[0008] 

[Means for Solving the Problem] The 1st image formation optical system SI constituted from this invention by 
the refraction member by the order in which a beam of light advances in order to attain the above-mentioned 
purpose, In the cata-dioptric system which projects the pattern of a semiconductor device to up to a substrate 
including a concave mirror Ml and the 2nd image formation optical system S2 constituted by the refraction 
member At least one refraction member offers the cata-dioptric system characterized by having the aspheric 
surface among the refraction members which constitute the refraction member which constitutes said 1 st image 
formation optical system, and said 2nd image formation optical system. 
[0009] 

[Embodiment of the Invention] As mentioned above, by adopting an aspheric surface configuration as a 
refraction member in this invention, it becomes possible to enlarge NA of mitigating generating of high order 
aberration, and optical system, and enlargement of optical system and complication can be prevented. This can 
bend now the flux of light around a lens side ideally by shifting a refracting interface from the spherical surface 
It is because it comes to be able to perform high order aberration amendment by it, without extending the whol< 
flux of light. 

[0010] If the refracting interface of an aspheric surface configuration is especially introduced into the 1st image 
formation optical system S 1 , enlargement of the 1 st image formation optical system S 1 can be prevented, and i: 
the refracting interface of an aspheric surface configuration is introduced into the 2nd image formation optical 
system S2, enlargement of the 2nd image formation optical system S2 can be prevented. Moreover, it consists 
of the 1st lens group Gl in which a beam of light passes the 1st image formation optical system SI only at one* 
at this invention, and the 2nd lens group G2 to which a beam of light goes and comes back, and the lens nearest 
to a concave mirror Ml of the 2nd lens group G2 is negative lens LS, and before carrying out incidence of the 
beam of light which injected the 2nd lens group G2 to the 2nd image formation optical system S2, it is desirabl 
[ the beam of light ] to carry out image formation of the pattern of a semiconductor device once. If it is 
especially made arrangement of such optical system, the miniaturization of each configuration member can be 
attained. The configuration of carrying out image formation of the pattern of a semiconductor device once 
before the beam of light which has arranged the lens nearest to a concave mirror Ml of the 2nd lens group G2 i 
the order in which a beam of light advances with negative lens LS, a concave mirror Ml, and the 2nd image 
formation optical system S2, and injected the 2nd lens group G2 in it moreover carries out incidence to the 2nd 
image formation optical system S2 is very effective in reduction of axial overtone aberration. 
[001 1] In the case of the above optical system of a configuration, it is desirable to consist of a refraction 
member in which the 2nd lens group G2 has at least two different negative refractive power, and a refraction 
member with at least two different forward refractive power further. The lens with negative refractive power is 
greatly effective in amendment of comatic aberration, spherical aberration, a curvature of field, etc., and withoi 
optical system becoming large, since it has big NA and a big, big exposure field, the lens with forward 
refractive power is effective. Furthermore, in order to compensate the aberration of the 2nd image formation 
- optical system S2 and to make light the burden of aberration amendment of the 2nd image formation optical 
system S2, it is desirable to have two lenses at a time respectively at least. 

[0012] And as for the 1st lens group Gl, it is still more desirable to consist of refraction members with at least 
three different refractive power. Spec, also with severe amendment of distortion aberration and amendment of z 
curvature of field is demanded as optical system is recently asked for resolution. Although the adjustment at th« 
time of manufacture is needed for this achievement, the lens for adjustment has an effective lens near the reticle 
side. However, since the 2nd lens group G2 of the optical system of this invention is both-way combination 
optical system, it can be said that it is unsuitable as a lens for adjustment. Therefore, the adjustment at the time 
of manufacture of distortion aberration or a curvature of field is attained by constituting from a lens which has 

* 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_\veb_cgi_ejje 9/29/200 



JP,10-003039,A [DETAILED DESCRIPTION] Page 3 o 



at least three different refractive power in the 1 st lens group Gl . Moreover, by making the 1st lens group Gl 1 
above-mentioned configuration, it becomes possible to enlarge working distance near the Rth page of a reticle 
and exposure of step - and - scanning method can be realized. 

[0013] Moreover, the 2nd image formation optical system S2 mainly amends spherical aberration and comatii 
aberration, and plays an important role for optical system to have big NA. It is desirable to arrange the optical 
path deviation member M3 in this invention between the 1st image formation optical system SI and the 2nd 
image formation optical system S2. This is because it becomes possible to bend the whole'optical system and 
the miniaturization of the whole optical system can be attained by arranging optical-path deviation members, 
such as a mirror. 

[0014] Moreover, in order that wavelength may use the short wavelength exceeding 300nm as the light source 
for exposure in this invention, especially, the quantity of light transparency property in this field is good, and 
economical, and it is desirable to use the good quartz or fluorite of workability. Moreover, a concave mirror 
may be formed in an aspheric surface configuration in this invention. A concave mirror Ml can enlarge forwa 
refractive power which a concave mirror Ml has without generating of high order aberration as it is an aspher 
surface configuration, and the chromatic-aberration amendment of it about the wavelength of a broadband is 
attained at implementation of the miniaturization of optical system, and the formation of large NA, and a pan. 
[0015] In addition, a coherence factor (sigma value) can be adjusted by preparing an aperture diaphragm 
(variable aperture) into the optical path of the 2nd image formation optical system S2. As the one technique o: 
making the depth of focus deep and raising resolving power, the phase shift method which shifts the phase of 
the predetermined part in the pattern of a reticle from other parts is proposed in JP,62-5081 1 ,B. In this 
invention, since it is possible to adjust a coherence factor (sigma value), there is an advantage which can 
improve the effectiveness of this phase shift method further. 
[0016] 

[Example] The numerical example of the cata-dioptric system by this invention is shown below. The cata- 
dioptric system by each numerical example sequentially from Reticle R side (in order in which a beam of ligh 
advances) It is constituted by the 1st image formation optical system SI constituted by the refraction member, 
concave mirror Ml, and the 2nd image formation optical system S2 constituted by the refraction member. Th< 
1st image formation optical system S 1 A beam of light consists of the 1st lens group Gl which passes only at 
once, and the 2nd lens group G2 to which a beam of light goes and comes back, and the lens nearest to a 
concave mirror Ml of the 2nd lens group consists of negative lens LS. 

[0017] Moreover, image quantity is made by NA=0.6 and aberration amendment is made for each numerical 
example in the range from 5 to 18.6. In addition, as an exposure field, the range of the above-mentioned imag» 
quantity may be made into the shape of zona orbicularis, and you may make it the rectangle of 6x30 at the pla 
distant from the optical axis five, r expresses the radius of curvature of a field among each table of the 1 st 
example and the 2nd example, and d expresses spacing of a field. Moreover, a quartz is Si02 as ** material. 
Fluorite is CaF2. It has indicated among each table. The refractive index n to 193.0nm of a quartz and fluorite 
and 1/of the variances nu to **0. lnm are as follows. 
[0018] 

n 1/v 
: 1. 5 6 0 1 9 1780 
®5 : 1. 50 1 3 8 2550 



Moreover, the aspheric surface is expressed by the following formulas among each example. 
Z=(Y2 / r)/[l+sqrt{l-(l+K) Y2 / r}]+C4 Y4+C6 Y6+C8 Y8+C10Y10+C 12Y12 - however Z : Distance Y 
measured in the direction of an optical axis from top-most vertices : Distance K measured in the direction moi 
nearly perpendicular to an optical axis than top-most vertices : Constant of the cone r : The radius of curvature 
C4 of top-most vertices, C6 and C8 ... : The 8th order the 6th order the 4th order in the 1st example of an 
aspheric surface multiplier [the 1st example] of ... The 1st lens group Gl is constituted from the Rth page of a 
reticle by a biconvex lens, the biconcave lens, the meniscus lens that turned the convex to the Rth page side o1 
reticle, the meniscus lens which turned the convex to the Rth page side of a reticle, and the plane-parallel plati 
in order. Moreover, the **** configuration of the 2nd lens group is carried out in order [ page / of reticle / Rth 
at a biconvex lens, a biconcave lens, a biconvex lens, a biconcave lens, a biconvex lens, the meniscus lens thai 
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turned the concave surface to the Rth page side of a reticle, a biconvex lens, the meniscus lens which turned th< 
convex to the Rth page side of a reticle, and negative meniscus lens LS which turned the concave surface to the 
Rth page side of the reticle in which the field by the side of Reticle R was formed to the aspheric surface AS 1 . 
Here, the plane-parallel plate in the 1st lens group Gl has processed some lenses into the plane mirror M2 as ar 
optical-path deviation member. And image formation of the image of Reticle R is once carried out near [ plane 
mirror M2 ] this. Moreover, the concave mirror Ml is formed in the aspheric surface AS 2 in this example. 
[0019] The 2nd image formation optical system S2 in order [ page / of reticle / Rth ] Furthermore, a biconvex 
lens, The meniscus lens which turned the concave surface to the Rth page side of a reticle, a biconvex lens, the 
meniscus lens which turned the convex to the Rth page side of a reticle, A biconvex lens, aperture diaphragm 
AP, a biconvex lens, the meniscus lens that turned the convex to the Rth page side of the reticle in which the 
field by the side of Reticle R was formed to the aspheric surface AS 3, It consists of the meniscus lens which 
turned the convex to the Rth page side of a reticle, the meniscus lens which turned the convex to the Rth page 
side of a reticle, a biconcave lens, a meniscus lens which turned the concave surface to the Rth page side of a 
reticle, and a meniscus lens which turned the convex to the Rth page side of a reticle. He arranges a plane 
mirror M3 as an optical-path deviation member between the first lens in the 2nd image formation optical systen 
S2, and the second lens, and is trying for the Rth page of a reticle and the Wth page of a wafer to become 
parallel by this example here between. 

A field number r d ** material 0.000 50.000 R 1 1827. 099 25.000 Si02 SI Gl 2 - 391.019 13.420 3 - 396.812 
25.000 Si02 4 829.284 1.000 5 459.609 25.000 Si02 6 745.296 1.000 7 488.042 25.000 Si02 8 586.033 
25.0009 0.000 35.000 Si02 10 0.000 16.00011361.664 32.175 CaF2 G212 -449.989 1.00013-561.169 20.000 
Si02 14 255.2301.00015223. [249 ] 39.738 CaF2 16 -756.196 57.48317 -315.859 20.000SiO2 18 299.543 
1.00019 260.236 32.584 CaF2 20 - 675.594 21 1.18821 - 163.356 20.000 Si02 22 -252.267 38.24123 2280. 13S 
25.000 SiQ2 24 - 1082.014 3.36725 556.937 40,000 Si02 26 4236. 526 156.69527 - 215.826 25.000 Si02 LS 
AS128 -4417.336 33.56129 - 354.342 -33.561 Ml AS230 -4417.336 - 25.000 Si02 LS 31-215.826 - 
156.695AS132 4236.526 - 40.000 Si02 33556.937 - 3.36734 -1082.014 -25.000 Si02 35 2280. 139 - 38.24136 
252.267-20.000 Si02 37 - 163.356 -211.18838 - 675.594 -32.584 CaF2 39 260.236 - 1.00040 299.543 - 20.000 
Si02 41-315.859 - 57.48342 -756.196 - 39.738 CaF2 43 223.249-1.00044 255.230 - 20.000 Si0245 -561 .169 - 
1.00046 - 449.989-32.175 CaF2 47 361.664 - 5.00048 0.000 235.151 M249 687.78230.000 Si02 S250 - 
1403.174 170.00051 0.000-150.026 M352 262.520 - 25.000 Si02 53474.401 - 1.30454 - 632.71 1 - 27.786 SiO: 
55 5490, 382-168.08156 - 1783.259-25.000 Si02 57 - 321.439 - 4.40258-357.850 -44.750CaF2 59 3152. 678- 
173.78760 0.000-28.467 AP61 -566.009 -45.000 CaF2 62 806.950 -1.00063 -212.463 -31.096 CaF2 AS364 - 
368.988 -65.19065 -260.201 -44.295Si02 66 -544.105 -1.00067 -169.071 -31.373 CaF2 68 -824.497 -9.52469 
1558.569 -30.000 Si02 70 -466.123 -8.73871 7503.078 -29.965 Si02 72 566.609 -15.71473 -197.683 -64.000 
Si02 74-1633.285 - 17.00075 0.000W constant of the cone K and an aspheric surface coefficient C AS1 AS 2 
AS3 r27 (= r31) r29 (Ml) r63K 0.000000 0.000000 0.000000C4 0.184947*10-8 0.820832*10-90.184651 * 10- 
8C6 0.211178*10-120.447187*10-130.427327*10-13 C8 - 0.382898*10-17 -0.564120*10-18 0.101914*10-17 
C10 0.152790*10-210.229674*10-22 - 0.159307*10-22 C 12-0.561578*10-26 -0.558227*10-27 0.167653*10- 
26 As mentioned above, by this example, the image quantity Y had usable NA from 5 to 18.6 at 0.6, and the 
cata-dioptric system whose path of all optical members is about 20 was shown. Drawing 2 is the transverse 
aberration Fig. of the cata-dioptric system in this example, and when (a) is the image quantity Y= 18.6, it 
expresses the aberration in each wavelength in case (b) is the image quantity Y= 5. Aberration amendment is 
improved cata-dioptric system of this example very much so that drawing 2 may also show. 
The [2nd example] The 1st lens group Gl is constituted from the 2nd example by the meniscus lens which 
turned the convex to the Rth page side of a reticle, the biconvex lens, the biconcave lens, the meniscus lens that 
turned the convex to the Rth page side of a reticle, and the plane-parallel plate in order [ page / of reticle / Rth ] 
moreover, the meniscus lens and biconvex lens with which the 2nd lens group turned the biconvex lens and 
turned the concave surface to the Rth page side of a reticle in order [ page / of reticle / Rth ], the meniscus lens 
which turned the convex to the Rth page side of a reticle, a biconcave lens, a biconvex lens, the meniscus lens 
that turned the convex to the Rth page side of a reticle, a biconvex lens, the meniscus lens which turned the 
concave surface to the Rth page side of a reticle, and negative meniscus lens LS which turned the concave 
surface to the Rth page side of a reticle be alike — it Here, the plane-parallel plate in the 1st lens group 

Gl has processed some lenses into the plane mirror M2 as an optical-path deviation member. And image 
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formation of the image of Reticle R is once earned out near [ plane mirror M2 ] this. Moreover, the concave 
miifor Ml is formed in the aspheric surface AS 1 in this example. 

[0020] The 2nd image formation optical system S2 in order [ page / of reticle / Rth ] Furthermore, a biconvex 
lens, The meniscus lens which turned the convex to the Rth page side of a reticle, the meniscus lens which 
turned the convex to the Rth page side of a reticle, The meniscus lens which turned the concave surface to the 
Rth page side of a reticle, aperture diaphragm AP, the biconvex lens in which the field by the side of Reticle R 
was formed to the aspheric surface AS 2, It consists of the meniscus lens which turned the convex to the Rth 
page side of a reticle, the biconcave lens, a meniscus lens which turned the convex to the Rth page side of a 
reticle, a meniscus lens which turned the convex to the Rth page side of a reticle, and a biconvex lens. He 
arranges a plane mirror M3 as an optical-path deviation member between the second lens in the 2nd image 
formation optical system S2, and the third lens, and is trying for the Rth page of a reticle and the Wth page of i 
wafer to become parallel by this example here between. 

A field number r d ** material 0.000 45.000 R 1 281.775 18.000 Si02 SI Gl 2 195.859 1.598 3 196.715 40.41 
Si02 4 - 480.361 14.536 5 - 548.718 20.000 Si02 6 204.428 5.448 7 203.274 20.000 Si02 8 401 .27325.0009 
0.000 35.000 Si02 10 0.000 15.5001 1 303.555 30.000 CaF2 G212 -1740.057 5.92413-425.354 20.000SiO2 14 
-2761.815 1.84915 300.937 40.000 CaF2 16-2581.928 1.84917288.864 20.000SiO2 18 177.975 57.22419 - 
175.888 20.000 Si02 20 764.840 0.50021 342.881 36.406 CaF2 22 -329.279 48.34123 270.936 25.000 Si02 2 
328.277 66.73225 778.30740.000 Si02 26 -518.576 15.75327-223.579 25.000 Si02 28 - 658.513 42.43529 - 
229.025 25.000SiO(s)2 LS30 -1514.955 17.54231-332.936-17.542M1 AS 132-1514.955 -25.000SiO2 LS33 - 
229.025 - 42.43534 - 658.513 -25.000 Si02 35 -223.579 - 15.75336-518.576 - 40.000SiO2 37 778.307 - 
66.73238 328.277 - 25.000 Si02 39 270.936 - 48.34140 - 329.279-36.406 CaF2 41 342.881 - 0.50042 764.840 
20.000 Si02 43 - 175.888 - 57.22444 177.975 - 20.000 Si02 45 288.864 - 1.84946 - 2581.928 - 40.000 CaF2 
47 300.937-1.84948 - 2761.815 - 20.000 Si02 49 - 425.354 - 5.92450 - 1740.057 - 30.000 CaF2 51303.555 - 
0.50052 0.000 233.000 M253 415.20731.1 17CaF2 S254-631.341 0.50055 306.049 20.000 Si02 56 218.635 
150.00057 0.000-165.240 M358 -71 1.482-25.000 Si02 59 - 2123.013-302.79560 3482.765-30.000 Si02 61 
654.764 - 15.00062 0.000 - 59.904 AP 63-230.331 - 70.000 CaF2 AS264 1603.607 - 0.50065-204.918 - 
28.538Si02 66 -602.518-14.61567 1240.449 -30.000 Si02 68 -510.567 -0.500 69 -308.492 -70.000 Si02 70 - 
714.386 -0.50071 -170.397 -45.000 Si02 72 -62.983 -4.15673 -63.147 -62.343 Si02 74 766.887 -17.00075 
0.000 The W constant of the cone K and aspheric surface coefficient C AS1 AS2 r31 (Ml) r63K 
0.0000000.000000 C4 0.81S186*10-90.371510*10-8C6 0.106110*10-130.507303*10-13C8 0.216157*10-18 
0.416256*10-18 CIO -0.473987*10-23 0.261764*10-22 C12 0.490366*10-27 -0.397276*10-27 As mentioned 
above, by this example, NA was usable from the image quantity Y= 5 to 1 8.6 at 0.6, and the cata-dioptric 
system whose path of all optical members is about 20 was shown. Drawing 4 is the transverse aberration Fig. c 
the cata-dioptric system in this example, and (a) expresses the aberration in each wavelength in case (b) is the 
image quantity Y= 5 at the time of image quantity Y=l 8.6. Aberration amendment is improved cata-dioptric 
system of this example very much so that drawing 4 may also show. 
[0021] 

[Effect of the Invention] As mentioned above, in this invention, big numerical aperture is attained in an 
ultraviolet-rays wavelength region, the whole optical system has the resolution of a quarter micron unit in 
practical magnitude, and it became possible to offer cata-dioptric system also with still easier manufacture. 

■ 
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CORRECTION OR AMENDMENT 

[Kind of official gazette] Printing of amendment by the convention of 2 of Article 1 7 of Patent Law 
[Section partition] The 2nd partition of the 6th section 
[Publication date] October 21, Heisei 16 (2004. 10.21) 

» • 

[Publication No.] JP,1 0-3039 A 

[Date of Publication] January 6, Heisei 10 (1998. 1.6) 
[Application number] Japanese Patent Application No. 8-1 53770 
[The 7th edition of International Patent Classification] 
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G02B 13/18 
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G02B 17/08 A 
G02B 13/18 
G02F 1/13 101 
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[Procedure revision] 

[Filing Date] October 28, Heisei 15 (2003. 10.28) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] The name of invention 

[Method of Amendment] Modification 

[The contents of amendment] 

[Title of the Invention] Cata-dioptric system, a projection aligner, and the projection exposure approach 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] . 

In the cata-dioptric system which projects the pattern of a semiconductor device on the order in which a bean 

of light advances to up to a substrate including the 1 st image formation optical system constituted by the 

refraction member, a concave mirror, and the 2nd image formation optical system constituted by the refractio 

member, 
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It is the cata-dioptric system characterized by at least one refraction member having the aspheric surface amor 
the refraction members which constitute the refraction member which constitutes said 1st image formation 
optical system, and said 2nd image formation optical system. 
[Claim 2] 

Said 1 st image formation optical system consists of the 1st lens group which a beam of light passes only at 
once, and the 2nd lens group to which a beam of light goes and comes back, 
The lens nearest to a concave mirror of this 2nd lens group is a negative lens, 

The beam of light which injected said 2nd lens group is cata-dioptric system according to claim 1 characterize 
by carrying out image formation of the pattern of said semiconductor device once before carrying out incidenc 
to said 2nd image formation optical system. 
[Claim 3] 

Cata-dioptric system according to claim 1 or 2 characterized by having arranged the optical-path deviation 
member between said 1st image formation optical system and said 2nd image formation optical system. 
[Claim 4] 

The refraction member which constitutes the refraction member which constitutes said 1 st image formation 
optical system, and said 2nd image formation optical system is the cata-dioptric system of three claim 1 
characterized by being constituted by a quartz and fluorite, or any its one ** material thru/or given in any 1 
term. 
[ClaimS] 

Said concave mirror is the cata-dioptric system of four claim 1 characterized by being an aspheric surface 
configuration thru/or given in any 1 term. 
[Claim 6] 

In the cata-dioptric system which exposes the pattern image of a reticle on a substrate, 

The 1 st image formation optical system which has a refraction member and a concave mirror, 

It is arranged in the optical path between said 1 st image formation optical system and said substrates, and has 

the 2nd image formation optical system which has a refraction member, 

It is the cata-dioptric system characterized by at least one refraction member having the aspheric surface amoi 
the refraction members which constitute said 1st and 2nd image formation optical system. 
[Claim 7] 

Said 1st image formation optical system is equipped with the 1st lens group arranged in the optical path 
between said reticles and said concave mirrors, and the 2nd lens group arranged in the optical path between th 
1 st lens group and said concave mirror, 

In said 1st lens group, a beam of light passes only at once, and a beam of light carries out both-way passage al 
said 2nd lens group, 

Said 2nd lens group equips said concave mirror with the negative lens by which contiguity arrangement is 
carried out most, 

Cata-dioptric system according to claim 6 characterized by forming the middle image of said reticle into the 
optical path between said 1st image formation optical system and said 2nd image formation optical system. 

[Claim 8] ' 
Said 2nd lens group is cata-dioptric system according to claim 7 characterized by having the refraction memb- 
with at least two different negative refractive power, and the refraction member with at least two different 
forward refractive power. 

[Claim 9] ^ . 

Said 1st lens group is cata-dioptric system according to claim 8 characterized by having the refraction membe 

with at least three different refractive power. 
[Claim 10] 

The refraction member with said at least three different refractive power in said 1 st lens group is cata-dioptnc 
system according to claim 9 characterized by having the lens for adjustment. 
[Claim 11] 

Claim 6 characterized by having further the optical-path deviation member arranged in the optical path betwe 
said 1st image formation optical system and said 2nd image formation optical system thru/or cata-dioptric 
system of ten given in any 1 term. 
[Claim 12] 
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The refraction member which constitutes said 1st and 2nd image formation optical system is the cata-dioptric 
system of 1 1 claim 6 characterized by being constituted with a quartz and fluorite, or any its one ingredient 
thru/or given in any 1 term. 

[Claim 13] ^ 
Said concave mirror is the cata-dioptric system of 12 claim 6 characterized by having an asphenc surface 

configuration thru/or given in any 1 term. 

[Claim 14] 

Said 2nd image formation optical system is the cata-dioptric system of 13 claim 6 characterized by having the 
variable aperture thru/or given in any 1 term. 
[Claim 15] 

In the projection aligner which exposes the image of a reticle on a substrate through projection optics, 

The projection aligner characterized by having claim 1 for imprinting the image of said reticle on said substral 

thru/or the cata-dioptric system of 1 4 given in any 1 term. 

[Claim 16] . . 

In the projection exposure approach which exposes the image of a reticle on a substrate through projection 

optics, , 
The projection exposure approach characterized by imprinting the image of said reticle on a substrate using th 

cata-dioptric system of 14 claim 1 thru/or given in any 1 term. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[The contents of amendment] 

[0001] 

[Field of the Invention] 

This invention relates to the projection exposure approach using the projection aligner using the cata-dioptnc 

system and this cata-dioptric system which have the resolution of a quarter micron unit in an ultraviolet-rays 

wavelength region, and this cata-dioptric system the optical system used with the projection aligner used in ca 

a semiconductor device or a liquid crystal display component is manufactured at a photolithography process, 

and by using a reflecting mirror as an element of optical system especially. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0007 

[Method of Amendment] Modification 

[The contents of amendment] 

[0007] 

In view of this point, this invention attains big numerical aperture in an ultraviolet-rays wavelength region, th< 
whole optical system is practical magnitude, and it has the resolution of a quarter micron unit, and aims at 
offering the projection exposure approach using the projection aligner using the cata-dioptric system and this 
cata-dioptric system which miniaturized each configuration member of optical system, and this cata-dioptric 
system. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0021 

[Method of Amendment] Modification 

[The contents of amendment] 

[0021] 

[Effect of the Invention] 

As mentioned above, by this invention, big numerical aperture was attained in the ultraviolet-rays wavelength 
region, and in practical magnitude, the whole optical system has the resolution of a quarter micron unit, and 
became possible [ offering the projection exposure approach using the projection aligner using cata-dioptric 
system also with still easier manufacture and this cata-dioptric system, and this cata-dioptric system ]. 
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